Purpose: Our previous study demonstrated the benefit of cumulative dose of cisplatin during the whole treatment on locally advanced nasopharyngeal carcinoma (NPC) treated with various chemotherapy strategies. The purpose of this study is to identify the subgroup of locally advanced NPC who benefits from higher dose of cisplatin, and to clarify whether cumulative dose of cisplatin during the whole treatment brings survival benefit to those treated with concurrent chemoradiotherapy (CCRT). Materials and methods: This retrospective study enrolled 527 patients with locally advanced NPC treated with intensity-modulated radiation therapy (IMRT) and chemotherapy in our institution from 2009 to 2010. The median cumulative dose of cisplatin of 300mg/m 2 was chose to be the cutoff value of low and high dose subgroups. Survival curves were estimated using the Kaplan-Meier method. Univariate analysis was conducted using the log-rank test. Multivariate analyses (MVA) were performed using Cox proportional hazards regression model. Results: With a median follow-up of 54.5 (1-76.7) months, high-dose subgroup had a significant higher distant metastasis-free survival (DMFS) (82.0% vs. 76.5%, p=0.029) and overall survival (OS) (84.1% vs. 74.0%, p=0.028). Cumulative dose of cisplatin were demonstrated an independent prognostic factors for DMFS (HR=0.524, 95% CI 0.340-0.806) and OS (HR=0.577, 95% CI 0.373-0.893) for the entire cohort upon MVA. As for T1-2N2-3, high-dose subgroup had a trend of better DMFS (85.7% vs. 76.3%, p=0.069) and a significant improvement in OS (87.8% vs. 76.3%, p=0.041). Similarly, in the subgroup of T3-4N2-3, higher dose of cisplatin was associated with higher OS (80.3% vs. 52.3%, p=0.032). Cumulative dose of cisplatin was an independent prognostic factor for DMFS (HR=0.483, 95%CI 0.292-0.798) and OS (HR=0.429, 95%CI 0.258-0.715) for patients with T1-4N2-3 disease upon MVA. However, the benefit of higher dose of cisplatin was not observed in the subgroup of T3-4N0-1. For patients receiving CCRT (n=278), those treated with higher dose of cisplatin had a significantly higher DMFS (87.7% vs. 75.4%, p=0.004). The benefit mainly derived from T3-4N2-3 patients treated with CCRT (5y DMFS: 87.9% vs. 58.2%, p=0.034). Cumulative dose of cisplatin was associated with a lower risk of distant metastasis (HR=0.427, 95% CI 0.228-0.801) for patients treated with CCRT upon MVA. Conclusions: Our study identified that patients with N2-3 disease were those benefited from higher cumulative dose. The benefit of higher cumulative dose maintained in those treated with CCRT. The intensity of chemotherapy may be tailored based on various stage subgroups in locally advanced NPC.
Introduction
The cumulative dose of cisplatin during chemoradiation has been proven a significant prognostic factor for nasopharyngeal carcinoma (NPC) in the era of conventional two-dimensional radiotherapy (2DRT) [1, 2] . Cumulative dose of cisplatin during concurrent chemoradiotherapy (CCRT) was associated with local control [2] and overall survival [1, 2] . With the application of intensity-modulated radiation therapy (IMRT), local control has been notably improved. The main failure pattern has shifted to be distant metastasis, compared with both local and distant relapse in times of 2DRT [3] . Therefore, the prognostic value of cumulative dose of chemotherapy should be re-evaluated in the setting of IMRT. Currently, the role remains controversial [4] [5] [6] . Some reports supported the benefit of higher cumulative dose of cisplatin, mainly in reducing distant metastasis [4, 6] .
Of note, most of the studies above [1, 2, 4, 5, 7] enrolled patients treated with CCRT alone and evaluated the role of total dose of cisplatin during CCRT. However, more and more evidence supported the importance of induction chemotherapy [8, 9] . Hence, it is reasonable to take the cumulative dose of cisplatin during the entire treatment into consideration, not only the part during CCRT. To our knowledge, only one report from our institution has evaluated the prognostic value of cumulative dose of cisplatin during the entire treatment [6] . Our previous study showed that total dose of cisplatin was an independent prognostic factor of disease-free survival, distant metastasis-free survival and overall survival in locally advanced NPC treated with IMRT. However, some later publications [5, 7] challenged that the value of total dose of cisplatin may be inflated by induction or adjuvant chemotherapy in our study. Hence, more evidence is needed to clarify whether total dose of cisplatin during the whole treatment is important for distant control and survival, especially in patients receiving CCRT.
In addition, locally advanced NPC is a heterogeneous entity, for example, the failure patterns of T3-4N0-1 and T1-2N2-3 are very different. It is not sure which subgroup of patients benefited from higher dose of cisplatin. Hence, in this study, we enrolled a cohort of patients with locally advanced NPC, treated with chemotherapy and IMRT in our institution from 2009 to 2010. The cumulative dose of cisplatin during the entire treatment was calculated and the survival rates between various stage subgroups and dose subgroups were compared. The objective of this study is: a) to identify those who benefits from higher dose of cisplatin; b) to clarify whether cumulative dose of cisplatin during the whole treatment brings survival benefit in locally advanced NPC treated with CCRT.
Materials and Methods

Patient selection
Consecutive patients with newly diagnosed, stage III-IVB (6th edition of UICC/AJCC) NPC, treated with definite IMRT and chemotherapy in our institution from January 2009 through 2010, were deemed eligible. Institutional Review Board approval was obtained for retrospective review of patients. Exclusion criteria included: not completed the whole course of radiotherapy, received treatment of molecular targeted therapy, previous malignancy or other concomitant malignant disease.
Clinical staging
Routine workup comprised complete medical history, physical examination, indirect or fiberoptic endoscopic examination, complete blood counts, liver and renal functions. MRI scans of head and neck were performed to evaluate the extent of the locoregional disease. All the patients were staged using the 6th edition of the AJCC staging system. Chest CT, abdominal sonography or abdominal CT, and bone scintigraphy were performed to exclude distant metastasis. PET/CT was selected by the decision of attending physician, generally in advanced N stage cases.
Chemotherapy
Chemotherapy was administrated to the entire cohort of patients, including induction chemotherapy followed by CCRT (46.3%), induction chemotherapy followed by adjuvant chemotherapy (36.1%), induction chemotherapy followed by radiation alone (11.2%) and CCRT with or without adjuvant chemotherapy (6.4%). At that time, our institution was conducting a clinical trial comparing the efficacy and toxicities of induction chemotherapy and CCRT with induction chemotherapy and adjuvant chemotherapy. Thus, these two modalities accounted for most. Induction chemotherapy followed by radiation was administrated to old or medically unfit patients who could not tolerate further chemotherapy.
The regimens of induction and adjuvant chemotherapy included TPF, TP, PF and GP. The TPF protocol consisted of docetaxel 75 mg/m 2 IV on day 1, cisplatin75 mg/m 2 IV on day 1, and 5-fu 500 mg/m 2 d continuously IV on day1-5. The TP protocol consisted of docetaxel 75 mg/m 2 IV on day 1, cisplatin75 mg/m 2 IV on day 1. The PF protocol comprised cisplatin 75 mg/m 2 IV on day 1 and 5-fu 500 mg/m 2 d continuously IV on day 1-5. The GP regimen included cisplatin 75 mg/m 2 IV on day 1 and gemcitabine 1000 mg/m 2 IV on day 1, 8. The regimens were repeated every 3 weeks for 2-3 cycles for induction chemotherapy and every 4 weeks for 2-3 cycles for adjuvant phase. Concurrent chemotherapy consisted of cisplatin 40 mg/m 2 IV weekly or cisplatin 80 mg/m 2 every 3 weeks during radiation.
Radiation techniques
Patients were immobilized in the supine position with a thermoplastic mask. CT was performed after immobilization, obtaining 3-mm slices from the anterior clinoid process to the hyoid bone, and 5-mm slices from the hyoid bone to 2 cm below the sternoclavicular joint. The target volumes were outlined on each layer of the CT images on an IMRT workstation. The gross tumor volume (GTV) included primary tumor and metastatic lymph nodes. The details of the delineation of high-risk clinical target volume (CTV) of primary tumor and cervical lymph nodes were described in our previous publication [6] . A margin of 3-5 mm around GTV and CTV should be added to account for the patient motion and set-up error. A simultaneous integrated boost method was used. 66 to 70.4 Gy was prescribed to primary tumor in 30-32 fractions. 66Gy was delivered to the metastatic nodes in 30-32 fractions. The high-risk and low-risk CTV received 60Gy and 54Gy, respectively.
At the end of radiotherapy, MRIs of head and neck were conducted. Based on clinical and radiologic examination, nasopharyngeal and neck nodal residual diseases were determined. Local residual diseases were treated by either small-field IMRT or intracavitary afterloading treatment. Small-field IMRT was applied to treat local residual disease just after the planned treatment with 2.2-4.4Gy in one or two daily fractions. Intracavitary afterloading treatment with iridium-192 was used to address local persistence at 2 to 3 weeks after external radiation with 8 to 16 Gy by one or two weekly fractions. Palpable residual nodes present after external radiaiton were treated with a boost of 4-6 Gy in 2 or 3 daily fractions using an electron field of 9 to 12 MeV just after the planned treatment.
Statistical analysis
SPSS version 22 was used for analysis. The Chi 2 test and Fisher's exact test were used to compare baseline characteristics between low-dose (cumulative dose <300mg/m 2 ) and high-dose (cumulative dose ≥300mg/m 2 ) subgroups. The Chi 2 test was used to analyze the failure patterns between different stage subgroups (T3-4N0-1M0, T1-2N2-3M0, T3-4N2-3M0). Survival curves were estimated using the Kaplan-Meier method. Overall survival (OS), distant metastasis-free survival (DMFS) and local recurrence-free survival (LRFS) and regional recurrence-free survival (RRFS) were calculated. All the endpoints were defined as the interval from the date of initiation of radiation to the date of the failure or last follow-up. Univariate analysis was conducted using the log-rank test. Given the confounding effect of stage subgroups on survival, we evaluated the survival rates between low-dose and high-dose subgroup using log-rank test classified by stage subgroups (T3-4N0-1M0, T1-2N2-3M0, T3-4N2-3M0). Multivariate analyses were conducted using Cox proportional hazards regression model. The potential prognostic factors were considered in the model, including: age (≤48/>48), gender (male/female), stage subgroup (classified parameter: T3-4N0-1/T1-2N2-3/ T3-4N2-3), treatment strategy (induction chemotherapy + radiation/CCRT with or without adjuvant chemotherapy/induction chemotherapy + CCRT/ induction + adjuvant chemotherapy), cumulative dose of DDP (<300mg/m 2 / ≥300 mg/m 2 ) and radiation boost (no/yes). Statistical significance was defined as p <0.05 based on two-sided tests. 
Results
Baseline characteristics
A total of 527 patients with locally advanced NPC were enrolled in this study. The baseline characteristics were listed in Table 1 . Since the median cumulative cisplatin dose during the entire treatment was 300mg/m 2 , we use 300mg/m 2 as the cutoff value to divide patients into low and high dose subgroups.
The patients of different age and stage were equally distributed in the low-dose and high-dose subgroups, despite a higher proportion of male patients and a marginal higher proportion of radiation boost in the high-dose subgroup (Table 2) . 
Survival and Failure Patterns
With a median follow-up of 54.5(1-76.7) months, 54 patients experienced local recurrence, 32 regional failures, 89 distant metastasis. At the time of analysis, 85 patients were dead. The estimated 5-year LRFS, RRFS, DMFS, DFS were 86.8%, 92.2%, 80.0% and 68.4%, respectively. The 5-year estimated OS was 80.7%.
Given that locally advanced NPC is a heterogeneous entity, we analyzed the failure patterns by different TN subgroups: T3-4N0-1, T1-2N2-3 and T3-4N2-3 (Table 3 ). Of patients with T3-4N0-1, the percentage of local relapse and distant metastasis was similar (11.7% vs. 12.8%). As for T3-4N2-3, the percentage of distant metastasis was three times of local recurrence (23.2% vs. 7.7%).
The influence of cumulative dose of cisplatin for the entire cohort
The influence of cumulative dose of cisplatin on LRFS, RRFS, DMFS and OS were summarized in Table 4 . For the whole cohort of patients, those treated with higher dose of cisplatin had a significant higher DMFS (82.0% vs. 76.5%, p=0.029, figure 1A ) and OS (84.1% vs. 74.0%, p=0.028, figure 2A ). There was no significant difference in terms of local control and regional control. Table 5 summarized multivariate analyses. After controlling of confounding factors, gender, stage subgroup, cumulative dose of cisplatin and radiation boost were significant for DMFS. Age, stage subgroup and cumulative dose of cisplatin were independent prognostic factors for OS. Cumulative dose of cisplatin was associated with lower risk of distant metastasis (HR=0.524, 95% CI 0.340-0.806) and death (HR=0.577, 95% CI 0.373-0.893).
The influence of cumulative dose of cisplatin for various stage subgroups
The impact of cumulative dose of cisplatin was further analyzed by various stage subgroups ( Table  4) . As for T1-2N2-3, those treated with higher dose of cisplatin had a trend of better DMFS (85.7% vs. 76.3%, p=0.069, figure 1C ) and a significant improvement in OS (87.8% vs. 76.3%, p=0.041, figure 2C ). Similarly, in the subgroup of T3-4N2-3, higher dose of cisplatin was associated with higher OS (80.3% vs. 52.3%, p=0.032, figure 2D) . However, the benefit of higher dose of cisplatin was not observed in the subgroup of T3-4N0-1 ( figure 1B and figure 2B ).
Multivariate analyses were further performed in the subgroups of T1-4N2-3 (Table 5 ) and T3-4N0-1. As for T1-4N2-3, gender, stage group, cumulative dose of cisplatin and radiation boost were significant for DMFS upon multivariate analysis. Cumulative dose and stage subgroup were independent prognostic factors for OS. Cumulative dose of cisplatin was associated with lower risk of distant metastasis (HR=0.483, 95%CI 0.292-0.798) and death (HR=0.429, 95%CI 0.258-0.715) for patients with T1-4N2-3 disease. As for T3-4N0-1, we could not identify any independent prognostic factor for local control, regional control, distant metastasis and overall survival.
The influence of cumulative dose of cisplatin for those treated with CCRT
A total of 278 patients received CCRT. Among them, 244 received induction chemotherapy followed by CCRT, 34 were treated with CCRT with/without adjuvant chemotherapy. The median cumulative dose of cisplatin was 310mg/m 2 . In order to keep consistency with previous analysis, we used 300mg/m 2 as the cutoff value to divide the patients into low-dose and high-dose subgroup.
For the whole cohort of patients (n=278), those treated with higher dose of cisplatin had a significantly higher DMFS (87.7% vs. 75.4%, p=0.004, figure 3A , Table 4 ). The benefit of higher dose of cisplatin was most prominent in the subgroup of T3-4N2-3. In this subgroup, higher dose of cisplatin was notably associated with higher DMFS (87.9% vs. 58.2%, p=0.034, figure 3B ). In multivariate analysis incorporating various clinical parameters (Table 6) , cumulative dose of cisplatin was demonstrated to be an independent prognostic factor for DMFS in those treated with CCRT (p=0.008, HR=0.427, 95%CI: 0.228-0.801). Furthermore, in the multivariate analysis among those treated with induction chemotherapy plus CCRT, higher cumulative dose of cisplatin was also a favorable prognostic factor for DMFS (p=0.005, HR=0.372, 95%CI: 0.186-0.743, Table 6 ). figure 1C) . Of T3-4N0-1 and T3-4N2-3, no significant benefit of higher dose of cisplatin was observed ( figure 1B and figure 1D ). Of T1-2N2-3, high-dose subgroup was associated with a better OS (87.8% vs. 76.3%, p=0.041, figure 2C ). Of T3-4N2-3, high-dose subgroup was associated with a better OS as well (80.3% vs. 52.3%, p=0.032, figure 2D ). Of T3-4N0-1, no significant benefit of higher dose of cisplatin was observed (figure 2B).
Discussion
In times of 2DRT, higher cumulative dose of cisplatin was demonstrated to correlate with improved local control. In the combined analysis of NPC 9901 and NPC 9902 using 2DRT, the dose of cisplatin during the concurrent phase had significant impact on locoregional failure and overall survival [2] . However, the benefit of higher dose of cisplatin was controversial in the setting of IMRT. Wei et al. [10] reported that cumulative cisplatin >200 mg/m 2 during concurrent phase improved DMFS and progression-free survival in a cohort of patients with IMRT. Guo et al. [4] reported that the cumulative dose of cisplatin >200 mg/m 2 was associated with improved DMFS and OS among who received IMRT and CCRT. However, Peng et al. [5] reported no significant difference of LRFS, DMFS and OS between <240mg/m 2 and ≥ 240 mg/m 2 dose subgroups. Of note, the cutoff value of 240mg/m 2 was suboptimal with a low AUC of 0.506. The inappropriate dose threshold may hamper further analysis. In addition, the baseline distributions of T and overall stage were imbalanced between the two dose subgroups in this study. Higher proportions of T4 and stage IV disease were in the high-dose subgroup, which may compromise the potential improvement by high-dose cisplatin.
In our study, we used the median dose of cisplatin as the cutoff value, which was generally accepted in statistical analysis. The baseline characteristics were equally distributed, except a higher proportion of male patients and a marginal higher proportion (p=0.053) of boost irradiation in the high-dose subgroup. Despite these adverse prognostic factors for DMFS, the higher dose subgroup had a significantly better DMFS and OS. In addition, the benefit of high dose of cisplatin were repeatedly proved in the entire cohort, T1-4N-2-3 subgroup, as well as those treated with CCRT. Taken together, our study validated the prognostic value of higher dose of cisplatin (≥300 mg/m 2 ) on distant control and overall survival for locally advanced NPC in the setting of IMRT. For the whole cohort treated with concurrent chemoradiation, significant benefit of DMFS was noted in the high-dose subgroup (87.7% vs. 75.4%, p=0.004, figure 3A) . Similarly, high-dose subgroup tended to have a longer DMFS in patients with T3-4N2-3 disease treated with concurrent chemoradiation (87.9% vs. 58.2%, p=0.034, figure 3B ).
In addition, the benefit of high-dose of cisplatin mainly displayed in reducing distant metastasis in times of IMRT, which was reported by previous researches [4, 10] as well as the present study. This was probably due to the shift of failure patterns after the application of IMRT. Since IMRT greatly improved local control, the major failure patterns for locally advanced NPC shifted to be distant metastasis [3] . Given the optimal local control [3, 11, 12] , the gap of improvement may be narrowed. On the other hand, higher dose of chemotherapy plays a more prominent role in reducing distant metastasis.
Of note, locally advanced NPC is a heterogeneous entity. As was observed in our study, for T3-4N0-1, local relapse and distant metastasis accounted for half of the failures. Contrarily, in the subgroup of T3-4N2-3, the incidence of distant metastasis was three times of local recurrence. Given the higher risk of distant metastasis, the benefit of higher cumulative dose of cisplatin mainly derived from N2-3 subgroups. The reduction of distant metastasis was further transferred into improvement of overall survival in the entire cohort and the N2-3 subgroups. Cumulative dose of cisplatin ≥300mg/m 2 reduced 47.6% of risk of distant metastasis and 42.3% of deaths for the whole cohort of patients. As for the N2-3 subgroups, cumulative dose of cisplatin ≥300mg/m 2 reduced more than half the risk of distant metastasis and deaths. However, this benefit was not observed in T3-4N0-1 subgroups, either in univariate analysis or multivariate analysis. Based on this, we suggested the intensity of chemotherapy should be tailored for different subgroups of locally advanced NPC. For T1-4N2-3, adequate dose of cisplatin (≥300mg/m 2 ) during the entire chemoradiation should be emphasized. On the other hand, the dose threshold of 300mg/m 2 was not mandatory for T3-4N0-1 disease. De-intensification of treatment may be considered for T3-4N0-1 subgroups, probably in the way of lower dose of cisplatin during concurrent phase, or omission of concurrent chemotherapy in selected cases that achieved notable regression after induction chemotherapy. The rationale of de-intensification and optimal treatment strategy for T3-4N0-1 warrants further investigation.
Most of the previous studies enrolled patients treated with CCRT alone and evaluated the value of the cumulative dose of cisplatin during concurrent phase. However, more and more evidence supported the benefit of induction chemotherapy in locally advanced NPC [9, 13, 14] . Kong et al. [14] reported that TPF induction chemotherapy followed by CCRT provided promising outcome and acceptable toxicities in 2 phase II single-arm studies. Hui et al. [13] reported that TP induction chemotherapy followed by CCRT significantly improved progression-free survival in a phase II randomized trial, compared with CCRT alone. The updated meta-analysis of MAC-NPC group included 4806 patients from 19 trials. This analysis showed that induction chemotherapy brought significant benefit on progression-free survival (7.7%, 95%CI: 1.3to 14.1%) at 5 years, although the difference of OS did not reach a significant level. It should be noted that many studies in these analysis used a non-paclitaxel or non-docetaxel regimens, which may underestimate the absolute benefits of induction chemotherapy [15] [16] [17] . A multi-centered phase III randomized trial [9] has recently demonstrated that addition of TPF induction chemotherapy to CCRT significantly improved failure-free survival, DMFS and OS in locally advanced NPC. Taken together, induction chemotherapy was demonstrated to bring survival benefit to CCRT, mainly in reducing distant metastasis. Hence, when evaluating the influence of total dose of chemotherapy, it is reasonable to take the cumulative dose during the entire treatment into account, not only the part during concurrent phase. In addition, two clinical trials [18] [19] [20] proved the efficacy of induction chemotherapy plus adjuvant chemotherapy. A phase III randomized trial compared the efficacy of induction chemotherapy plus adjuvant chemotherapy with the efficacy of CCRT followed by adjuvant chemotherapy [18] . With a median follow-up of 60 months, the 5-year OS and DFS did not differ significantly between the two arms [18, 19] . The 5-year OS of induction chemotherapy plus adjuvant for locally advanced NPC was 79.4%. Of note, all patients in this study received 2DRT and attained an overall survival, which was comparable to the survival of locally advanced NPC treated with IMRT [3, 12] . Recently, a phase II single-armed clinical trial demonstrated promising result of those treated with GP induction chemotherapy plus GP adjuvant chemotherapy in locally advanced NPC [20] . The 5-year LRFS, DMFS and OS were 92.2%, 89.0% and 82.1%, which was quite satisfactory for III-IVB patients.
To date, only one report from our institution has evaluated the influence of cumulative dose of cisplatin during the entire treatment and demonstrated that the cumulative dose ≥ 300mg/m 2 was associated with improvement of DMFS, DFS and OS. However, some scholars challenged that the lowest effectively cisplatin dose in our study may have been inflated by delivering cisplatin-based induction or adjuvant chemotherapy [5] . In addition, a part of patient in our study received induction followed by radiation or induction followed by adjuvant chemotherapy, which was not the standard strategy according to NCCN guidelines. In order to clarify this question, we focused on those received CCRT with or without induction/adjuvant chemotherapy and evaluated the impact of cumulative dose of cisplatin during entire treatment again. In consistence with the result from the whole cohort, more than 300mg/m 2 of cisplatin was a favorable prognostic factor for DMFS in those treated with CCRT, both in univariate and multivariate studies. Furthermore, more than 300mg/m 2 of cisplatin was also a favorable prognostic factor for DMFS in the subgroup treated with induction chemotherapy followed by CCRT.
One of our major limitations was the retrospective nature of the study. The baseline characteristics might be imbalanced and the treatment strategies might be not uniform. In our study, the baseline characteristics of the low-dose and high-dose subgroups were well balanced, except the difference of gender and the marginal difference of radiation boost. However, in the multivariate analysis adjusting various baseline parameters and treatment strategies, cumulative dose of cisplatin still was significant for OS and DMFS.
In conclusion, our study confirmed the prognostic value of cumulative dose of cisplatin during the entire treatment for locally advanced NPC and identified the benefit mainly derived from N2-3 patients. The benefit of higher cumulative dose maintained in those treated with CCRT. However, the subgroup of T3-4N0-1 did not benefit from higher cumulative dose, which suggested a need to tailor the intensity of chemotherapy based on various stage subgroups.
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